RESONANCE SPECTRA OF A PARAMAGNETIC PROBE DISSOLVED IN A VISCOUS MEDIUM
by Jerome I. Kaplan,* Edward Gelerinter,** and George C. Fryburgt ABSTRACT A model is presented in which one calculates the paramagnetic resonance (epr) spectrum of vanadyl acetylacetonate (VAAC) dissolved in either a liquid crystal or isotropic solvent. It employs density matrix formulation in the rotating reference frame. The molecules occupy several discrete angles with., respect to the magnetic field and can relax to neighboring positions in a characteristic time 1(6)0 The form of T(0) is found from a diffusion approach, and the magnitude of 1(0) is a measure of how freely the VAAC probe tumbles in the solvent.-Spectra are predicted for values of T between -11 -7 10 sec and 10 sec. The epr spectrum, in the isotropic case, is obtained by summing the contributions from the allowed angles weighted by the polar volume element, sin 0. When applying the model to the nematic liquid crystal case it is also necessary to multiply by the Saupe distribution function. For this case, x(0) is obtained from the diffusion approach in which two diffusion constants are employed to reflect the difference in the parallel and perpendicular components of the viscosity. An attempt will "be .made.to correlate the diffusion constant with the viscosity via the Einstein relation, These media inhibit the tumbling of the probe molecule to various extents depending upon the temperature and solvent material. If the probe is not completely free to tumble^ then the epr spectra will be affected. The assumption that the spatial and temporal averages are equal breaks down, and the epr data must be interpreted in this light. The end cases of extremely fast and slow tumbling have been discussed in the 3 H literature ' and are well understood. The intermediate case is more-di-f-f-icult, however. Other authors ' have successfully dealt with the intermediate case for isotropic liquids. The model which we are presenting is easily adapted to both nematic liquid crystal and isotropic solvents. The technique is also easier to deal with from a computational point of view.
In this model the molecules are assigned a discrete number of allowed angular positions. 
Pl (e)
A term of the form -must be included to.represent relaxation of the 
where J^-is now in radians sec 'o It is now necessary to choose values of 6.. In order to avoid.computational difficulties, 6 = 0, i.e., cot 0 = °°, will be avoided. We choose 0 = TT/3^ and A = ir/17. This gives 9 allowed positions in the first quadrant with 0 = ir/2. Since the equations are independent of •$, p(0.) = p(0 .)" We also assume that the molecules cannot be distinguished end from end and this yields p(0.) = p(ir + 0.). This makes the four quadrants equivalent so that s we will restrict ourselves to the first quadrant. Equation (15.) then is really ' a series of 9 equations corresponding to the 9 allowed positions. 
oiran where n is the viscosity and a is the effective radius.
Three changes must be made to apply .this model to a nematic liquid crystal,. The epr.spectra will be studied as a function of both the order parameter and the relaxation time, and an effort will "be made to separate the effects of these two parameters on the data. We will also attempt to correlate the diffusion constants . D and D ? with the perpendicular and parallel 'components of the viscosity via the Einstein relation.
